The haemagglutinins (HAs) of five H3 influenza A viruses isolated from domestic ducks and one from a goose in southern China were analysed antigenically and genetically. The patterns of reactivity of two of the duck viruses and the goose virus with a panel of monoclonal antibodies to 10 different epitopes on the H3 HA were similar to those of influenza viruses isolated from wild ducks and pigs, as well as those of the earliest human H3 viruses. The other three isolates from domestic ducks were different from each other and from these viruses antigenically. Sequence analysis revealed that the HA genes of the two duck viruses and the goose virus were closely related to those of isolates from wild ducks and pigs; the identities between the deduced amino acid sequence of the HA of one of the isolates from domestic ducks and those of isolates from a wild duck and a pig were 98-7% and 99-5%, respectively. The antigenic and genetic similarity between these H3 HAs suggests that in southern China, the hypothetical influenza epicentre, domestic ducks may have played a role in the introduction of avian influenza viruses to pigs from feral ducks. The findings also support the hypothesis that the pig was a 'mixing vessel', producing a new human pandemic strain, A/Hong Kong/68 (H3N2), by genetic reassortment.
Studies on the distribution of influenza viruses in the animal population have shown that influenza A viruses are found all year round in domestic ducks, geese and pigs in southern China, where the A/Hong Kong/68 (H3N2) influenza virus emerged (Shortridge, 1981 (Shortridge, , 1982 . Antigenic and genetic data on porcine H3N2 influenza A viruses from the region suggest that the domestic pig may be involved directly or indirectly in this ecosystem as a 'mixing vessel', enabling the exchange of gene segments between viruses which infect birds and those which infect man (Scholtissek et al., 1984 (Scholtissek et al., , 1985 .
Antigenic and genetic analyses of H3 influenza viruses isolated from wild ducks captured on the Pacific flyway have shown that the haemagglutinins (HAs) of some viruses are closely related to those of the earliest human H3 viruses and are highly conserved in nature (Kida et al., 1987) . It has also been shown that the HAs of some
The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL and GenBank nucleotide sequence databases under the accession numbers D00929 (Dk/HK/7/75), D00930 (Gs/HK/10/76), D00931 (Dk/HK/64/76) and D00932 (Dk/HK/231/77).
H3 influenza viruses isolated from pigs in China are closely related not only to those of the earliest human H3 influenza viruses but also to those of the strains from wild ducks (Kida et al., 1988) . Thus, it has been proposed that the HA gene of A/Hong Kong/68 (H3N2) influenza virus was introduced into the preceding human H2N2 virus from an H3 influenza virus maintained among wild ducks via pigs (Kida et al., 1989) . However, it is less likely that the avian H3 influenza viruses are transmitted directly to pigs from wild ducks. In southern China, the predicted epicentre for new pandemic influenza viruses (Shortridge & Stuart-Harris, 1982) , domestic ducks and geese are raised in close association with pigs and humans. It is, therefore, reasonable to suggest that the domestic duck might introduce avian influenza viruses transmitted from wild ducks into pigs. To obtain information on the role of domestic ducks in the emergence of new human pandemic influenza viruses, we have analysed antigenically and genetically the HAs of H3 influenza virus isolates from domestic ducks and a goose from China.
The following strains were investigated: A/duck/ Hong Kong/7/75 (H3N2) (Dk/HK/7/75), A/goose/ Hong Kong/10/76 (H3N2) (Gs/HK/10/76), A/duck/ 0001-0184 © 1991 SGM (Shortridge et al., 1977 (Shortridge et al., , 1979 . The viruses were grown in 11-day-old embryonated chicken eggs at 35 °C for 2 days, and purified by differential centrifugation and two successive sedimentations through sucrose gradients (Kida & Yanagawa, 1979) .
The HAs of six H3 influenza viruses isolated from five domestic ducks and a goose in China were analysed antigenically by the haemagglutination-inhibition (HI) test (Webster & Laver, 1967) and ELISA (Kida et al., 1982) using a panel of monoclonal antibodies (MAbs) ( Table 1 ). This panel of MAbs recognizes 10 different epitopes on the HAs of A/Aichi/2/68 (H3N2) (Aichi/2/68) and A/duck/Hokkaido/8/80 (H3N8) (Dk/Hok/8/80) influenza viruses (Kida et al., 1987) . The patterns of reactivity of three strains (Dk/HK/7/75, Gs/HK/10/76 and Dk/HK/64/76) with the panel of MAbs in ELISA were similar to each other and to those of A/swine/Hong Kong/126/82 (H3N2) (Sw/HK/126/82), Dk/Hok/8/80 and Aichi/2/68. This finding indicates that the HAs of these three strains are closely related antigenically to those of the porcine, wild duck and earliest human H3N2 influenza viruses. Two strains (Dk/HK/231/77 and Dk/HK/526/79) did not react with some of the MAbs, and the remaining strain, Dk/HK/24/76, lacked reactivity with almost all the MAbs. These findings indicate that H3 influenza viruses possessing antigenically different HAs are present in domestic ducks in China.
The patterns of reactivity of four strains (Gs/HK/10/76, Dk/HK/64/76, Dk/HK/24/76 and Dk/HK/231/77) were different in ELISA and the HI test, as found previously with strains of seal, wild duck and swine origin (Kida et al., 1982 (Kida et al., , 1987 (Kida et al., , 1988 ; the reactivity of these strains with some MAbs was negative in the HI test but highly positive in ELISA.
Nucleotide sequences of the gene encoding the HA of four H3 influenza viruses, isolated from three domestic ducks and a goose in China (Dk/HK/7/75, Gs/HK/10/76, Dk/HK/64/76 and Dk/HK/231/77), were determined using the dideoxynucleotide chain-termination procedure of Sanger et al. (1977) . Viral RNA was isolated by treatment of purified virus with proteinase K and SDS, followed by extraction with phenol :chloroform (1 : 1) (Bean et al., 1980) . After Y-end labelling of the primers with [V-32p]ATP, each reverse transcription product was resolved on a 7~ polyacrylamide 7M-urea buffer gradient gel (Biggin et al., 1983) . Oligonucleotide primers used for nucleotide sequencing were 12-to 16-mers: (5') 32 GAAGACCATCATTGC, 222 GGGAAAATATGCAAC, 378 GATGTGCCAGAT-TATG, 397 CCCTTAGGTCACTAG, 600 GA-CAAACTATAC, 735 AGACCCTGGGTAA, 882 AGGTCAGATGCA, 1044 GTACCAGAGAAA, 1161 GGACAAGCAGCAGATC, 1296 CAGGACCTC-GAGAAA and 1440 CTGAGGGAAAATGCTG (3') (Kida et al., 1987 (Kida et al., , 1988 . The HA genes of Dk/HK/526/79 and Dk/HK/24/76 could be sequenced only partially because most of the primers did not work, suggesting that these two HA genes are genetically distinct from those of the other four strains.
The deduced amino acid sequences of the HAs of these four strains are shown in Fig. 1 , with those of Dk/Hok/8/80 (Kida et al., 1987) , Sw/HK/126/82 (Kida et al., 1988) and Aichi/2/68 (Verhoeyen et al., 1980) . Two amino acid residues, Arg 62 and Gln 226, were identical in the sequences of the H3 strains isolated from domestic and wild ducks, but differed in those of human influenza virus strains. Residue Gln 226 is involved in the formation of the putative receptor-binding pocket in the three-dimensional structure of the HA molecule (Wilson Nucleotide differences between the sequences of the HA genes of three of the isolates from domestic ducks and that from a goose are scattered throughout the gene and the positions of the differing amino acid residues are not confined to the antigenic sites. These findings, together with the results of antigenic analysis, indicate that there is no apparent bias to mutation at known antigenic sites and that mutations apparently occur at random.
The present results show that certain H3 influenza virus HAs maintained in domestic ducks in southern China are very closely related to those of H3 influenza viruses from pigs in the region, wild ducks captured on the Pacific flyway in Japan and the earliest human H3 influenza virus pandemic strains. Thus we propose that domestic ducks in southern China, where A/Hong Kong/68 (H3N2) emerged, transmitted H3 influenza viruses from wild ducks to pigs.
